Laser Speckle Contrast Imaging (LSCI) is a powerful low-cost method for visualization of flow, microcirculation and blood perfusion. Due to the fact that diseased and healthy tissues has different blood perfusion, LSCI can be a perspective tool for cancer diagnostics and discrimination between different types of tissues. Previously, multispectral diffuse reflectance imaging method for melanoma diagnostics has been introduced. In this work, multi-wavelength (532-, 655-and 850-nm) LSCI technique combined with hyperspectral camera and diffuse reflectance imaging method will be used for assessment of tissues with different skin perfusion properties. An in vivo experiment with occlusion in human finger was performed serving as a model of tissues with different perfusion properties. The proposed method still requires further development and improvements to become a real clinical laboratory tool for non-invasive skin cancer diagnostics.
INTRODUCTION
The incidence of skin cancer is increasing in Europe and worldwide 1, 2 . An early diagnosed skin cancer is characterized by good treatment prognosis and high 5-year survival rate (~97%) 3 . Late tumor detection is the main reason of the high mortality associated with skin cancer. The accessibility of early diagnostics is limited by several factors, such as high cost of dermatological services, long queues on state-funded oncologist examinations, as well as inaccessibility of oncologists in the countryside regions -this is an actual clinical problem. The new strategies and guidelines for skin cancer early detection and post-surgical follow-up intend to realize the Full Body Examination (FBE) by primary care physicians (general practitioners, interns) in combination with classical dermoscopy 4 . However, the effective implementation of FBE strategy is still limited by several risks that are mainly associated with subjective interpretation of the dermoscopic results leading to insufficient balance between false positive and false negative results 5 . To reduce these risks, it is necessary to equip primary care physicians with devices with the following features: low cost, compactness and portability, providing fast diagnosis results, non-invasiveness (no biopsy), high sensitivity and accuracy. Optical Coherence Tomography (OCT) has been used extensively for studies of blood flow in various vascular beds, including complex vessels and port-wine stains [6] [7] [8] .Commercial devices exploiting skin multispectral reflectance and fluorescence features such as MelaFind, SIAscope, Velscope are suitable for non-invasive cancer diagnostics. However, they face multiple problems: insufficient specificity 9,10 , infrastructure requirement (Internet access) and personal data protection security risks (for remote processing-based devices). The above-mentioned technological problems are the main limiting factors of the technology wide accessibility for early diagnostics of skin cancer.
Laser Speckle Contrast Imaging (LSCI), first introduced in the early 1980s 11 , is a powerful low-cost method for visualization of flow, microcirculation and blood perfusion [12] [13] [14] [15] [16] [17] [18] . As far as diseased and healthy tissues are characterized with different levels of blood perfusion 19 , LSCI can be a perspective method for early diagnostics of skin cancer.
In this study, a previously developed multispectral diffuse reflectance imaging method for melanoma diagnostics 20,21 is tested using a combining multi-wavelength Laser Speckle Contrast Imaging (LSCI) technique and hyperspectral camera. An occlusion experiment in with a human finger is used for verification. Since a method developed by Diebele/Lihacova et al. 20, 21 has shown a great potential for creation of an inexpensive, non-invasive device suitable for general physicians' practice, it is planned to use this method in combination with the LSCI technique for clinical applications.
EQUIPMENT AND METHOD
In this work, the classical LSCI scheme was used with the following improvements (see Figure 1 ). For multi-wavelength imaging, a hyperspectral camera has been used instead of CCD or CMOS camera. Also, a multi-wavelength light laser source was used instead of a single-wavelength source. The setup utilizes a custom-made compact light module containing a 12 mW green, a 13 mW red and a 30 mW infrared laser diodes (Roithner LaserTechnik, Austria) emitting at 532-, 650-and 850-nm wavelengths, respectively. Light beams were collimated and centered along one axis by mirror and two beam splitters (Thorlabs, USA). Emitted light was further expanded by an engineered diffuser (Thorlabs, USA) providing the uniform angular distribution of the transmitted radiation over the sample. Hyperspectral camera Nuance EX (PerknElmer, USA) was used in combination with a 60-mm F2.8 objective (Nikon, Japan) for acquisition of gray-scale raw hyper-cubes. The obtained images were further processed by custom-developed algorithm in offline regime using MATLAB r2018b software environment. The hyperspectral camera captured hyper-cubes containing speckle images for 532-, 650-and 850-nm wavelengths at a rate of 3 frames per second, with exposure time 7 ms. For each experiment, 25 hyper-cubes were captured. Further, speckle contrast images were retrieved using spatial processing with 7x7 sq. pixels sliding window 22, 23 and were averaged for each wavelength. For correct comparison between speckle contrast images at different wavelengths additional normalization on maximum value was implemented for each speckle contrast image. For this purpose, speckle contrast images from a fully static reference white object were obtained. Lihacova et al. 20, 21 introduced a parameter p for differentiation between melanoma and nevus. In the original work, 540nm, 650-nm and 950-nm wavelengths were used for calculation of the parameter p. In our work, we used laser diodes with close wavelengths. Here, we rewrote the suggested equation from Refs. 20, 21 for application with the LSCI system:
where SC532, SC532 and SC532 are speckle contrast values at 532-nm, 650-nm and 850-nm wavelengths, respectively. The wavelength of 532 nm fits the absorption band of the blood hemoglobin 24 , while at 650-nm wavelength hemoglobin absorption is minimal and melanin absorption is more pronounced 25 ; 850-nm light enjoys deep penetration into the skin 26 . The parameter p was calculated for each pixel of the obtained speckle contrast images. Further, the final p map was obtained.
RESULTS
As far as light with different wavelength has different penetration ability into the skin 27 , usе of multi-wavelength LSCI setup can be a powerful tool for detection of differences in perfusion between healthy and cancerous tissues. The possibility to obtain LSCI images at several sample depths in vivo was validated by monitoring occlusion in a human finger. The occlusion was induced in the middle finger of 7 healthy volunteers using a rubber band. Raw speckle images for each wavelengths were captured before the occlusion, during occlusion (3 min after start of the occlusion) and after occlusion (1 min after release of the rubber band). Such kind of experiment represents tissues with different perfusion properties. Figure 2 . Laser speckle contrast images of the finger before occlusion (first row), under occlusion (second row), after occlusion (third row) at 532-, 650-and 850-nm, and the corresponding p map (fourth column). Red square represents the region of interest taken for average speckle contrast value calculation. Figure 2 shows typical LSCI images obtained at 532-, 650-, 850-nm wavelength as well as a corresponding p map for the finger without occlusion, the finger with occlusion, and the finger after occlusion. Skin perfusion decreases during occlusion and it is clearly seen that the speckle contrast value increases for all wavelengths. In opposite, the speckle contrast value decreases for each wavelength after release of the rubber band. It can be explained by increase in skin perfusion due to active blood saturation in tissue after release of the rubber band. Figure 3 shows averaged data of quantitative analysis for all volunteers. The error bars correspond to standard deviations. Averaged speckle contrast values inside the region of interest selected on the middle finger (the red square in Figure 2 , size: 300x300 sq. pixels) were calculated at each wavelength for 7 volunteers. Figure 3(a) shows the ratio between the averaged speckle contrast value for skin during occlusion and skin before occlusion at 532-, 650-, 850-nm wavelengths. Figure 3(b) shows the ratio between the averaged speckle contrast value for skin after occlusion and skin before occlusion at 532-, 650-, 850-nm wavelengths. It is clearly seen that the greatest changes were detected at 850-nm wavelength after occlusion compared to normal skin. This can be due to the fact that 850-nm light penetrates deeper into the skin comparing to the 532-and 650-nm wavelengths. As far as more blood arrives to the deeper skin layers, 850-nm speckle contrast images are more sensitive to the perfusion changes. Despite the fact, that changes of speckle contrast values during experiment were detected for all wavelengths, the 532-nm speckle contrast image is less sensitive to perfusion changes than 650-and 850-nm speckle contrast images. This can be explained by high absorption of 532-nm light by blood hemoglobin. It is also clearly seen that obtained p maps (see Figure 2 ) are much more sensitive to the changes in the skin perfusion than separate speckle contrast images. Figure 2 , size: 300x300 sq. pixels) averaged over 7 volunteers. The red column shows the ratio between the averaged p value for skin during occlusion and skin before occlusion. The blue column shows the ratio between the averaged p value for skin after occlusion and skin before occlusion. It is clearly seen that p value is more sensitive to the occlusion in skin (see red column in Figure 4 ) than speckle contrast values for each separate wavelength. In this way, using the proposed equation based on the diffuse reflectance imaging method can be a potentially additional useful tool for advanced diagnostics of cancerous skin tissues. Also, additional application of optical clearing [28] [29] [30] [31] [32] [33] can allow enhancing the penetration depth for LSCI as well as quality of the obtained data. 
CONCLUSIONS
To sum up, in the current study previously developed multispectral diffuse reflectance imaging method for melanoma diagnostics has been tested using a multi-wavelength Laser Speckle Contrast Imaging (LSCI) technique combined with hyperspectral camera. To the best of our knowledge, hyperspectral camera has been used for LSCI for the first time. The in vivo experiment with occlusion in human finger served as a model of biotissues with different perfusion properties. Angiogenesis is the common feature that provides the growth of the tumor and it is a promoter of melanoma metastases 34 . Since with the proposed method we get a greater contrast between skin under occlusion and skin before occlusion, this application can be useful for different skin lesion classification. Furthermore, this method is easy to combine with the predetermined p parameter method using diffuse reflection images, thus improving diagnostic accuracy. However, for clinical implementation it is necessary to verify the described algorithm on other melanoma risk lesion groups such as nevi, pigmented basal cell carcinomas, seborrheic keratosis, and other.
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